Three new sesquiterpene polyol esters with a β-dihydroagarofuran skeleton, NW12 (1), NW27 (2), and NW31 (4), together with a known compound, NW30 (3), were isolated from the root bark of Celastrus angulatus. Their chemical structures were elucidated by analyses of MS and NMR spectral data. Preliminary insecticidal and antitumor activities of these compounds were evaluated. Compounds 1-4 showed moderate stomach toxicity against Mythimna separata, and their KD 50 values were 673.6, 1121.3, 1720.0 and 548.6 μg/g, respectively. Only 1 and 3 exhibited slight antitumor activity against human breast cancer cell line (Bcap-37), and their IC 50 values were all above 50 μM.
Celastrus angulatus Maxim, a plant of the Celastraceae family, is widely distributed and used in traditional Chinese medicine for rheumatism treatment and as an insecticide [1, 2] . In previous studies, various β-dihydroagarofuran sesquiterpene polyol esters and alkaloids were isolated from the leaves and root bark of C. angulatus, and these compounds were shown to have an excellent stomach poison action against many species of Lepidoptera insects, such as Pieris rapae, Plutella xylostella and Mythimna separata [3] [4] [5] [6] [7] [8] . Besides insecticidal activity, some of these compounds exhibited reverse multidrug resistance (MDR) effects, antitumor promotion (chemopreventive) and antitumor activities [9] [10] [11] [12] [13] . Fingerprint analysis based on LC/DAD/MS indicated that there are still lots of unknown β-dihydroagarofuran sesquiterpene compounds in the root bark extract of C. angulatus. To obtain a sufficient number of compounds for QSAR research, the chemical constituents from the root bark of C. angulatus were re-investigated guided by fingerprint analysis. These studies have led to the isolation from the root bark of this plant of three novel sesquiterpene polyol esters, NW12 (1), NW27 (2) and NW31 (4), together with a known compound, NW30 (3). In this paper, the isolation, structure elucidation, insecticidal and antitumor activities of compounds 1-4 are presented. NW12 (1) was analyzed for C 37 H 52 O 13 by HR-ESI-MS. The IR spectrum revealed absorptions of ester carbonyl at 1721 cm -1 and hydroxyl at 3420 cm -1 The UV spectrum contained an aromatic moiety (λ max = 229 nm). The NMR spectral data suggested the presence of one acetate ester, one benzoate ester, two isobutanoate esters, one α-methylbutanoate ester and two free hydroxyl groups. The 1 H NMR spectrum of compound 1 showed the presence of three tertiary methyl groups at δ 1.62 (s), 1.73 (s) and 1.78 (s). The signals observed at δ 5.53 (d, J = 3.5 Hz), 5.43 (m), 2.13 (m) and 2.00 (m), 2.58 (d, J = 3.0 Hz), 5.62 (dd, J = 3.5, 10.0 Hz), and 6.06 (d, J = 10.0 Hz) were assigned to the H-1, H-2, H-3, H-7, H-8 and H-9 protons based on the COSY spectrum of 1, and by comparison with the corresponding chemical shifts and coupling constants of Celangulatin C, which was previously isolated from the same plant [6] . The signals at δ 4.66 and 4.87 (d, J = 13.0 Hz) were also assigned to the methylene protons attached to the carbon atom bearing the primary ester group. The single signal observed at δ 5.25 was the H-6 proton as observed in the spectrum of Celangulatin C [6]. The 13 C NMR DEPT spectrum of the parent skeleton of 1 showed three methyl, two methylene, six methine, and four quaternary carbons. Their chemical shifts were very similar to those of Celangulatin C and the other 1,2,4,6,8,9,13-heptasubstituted-β-dihydroagarofuran sesquiterpene polyol esters [6, 8] .
From the HMQC spectrum of compound 1 and comparison with the corresponding carbon atom chemical shifts of Celangulatin C and the other β-dihydroagarofuran sesquiterpene polyol esters [6, 8] , the 13 C NMR signals were assigned. Generally, H-1, H-2, and H-6 in this class of compounds have axial, equatorial, and axial stereochemistry, respectively [8] . The coupling contants (J 7,8 = 3.5 Hz, J 8,9 = 10.0 Hz) between H-7 and H-8, and between H-8 and H-9, suggested that H-7, H-8, and H-9 had equatorial, axial, and axial stereochemistry, respectively, which were confirmed by the cross peaks between H-1 and H-9 in the NOESY spectrum of 1, and the similar coupling pattern and constants in the 1 H NMR spectrum of Celangulatin C [6] .
One of the two free hydroxy groups was situated at C-4, and the second at C-6, as shown by the 1 H NMR chemical shift, because the normal value of H-6 is generally greater than or near to δ 6.00 when H-6 is esterified [8] . The ester group distributions were determined by the cross peaks between H-1 and the carbonyl at δ 169.5, H-2 and the carbonyl at δ 175.3, H-8 and the carbonyl at δ 175.8, H-9 and the carbonyl at δ 165.9, and H-13 and the carbonyl at δ 176.6 in the HMBC spectrum of 1. Thus, the chemical structure of NW12 (1) was elucidated as 1β-acetoxy-8α,13-di-isobutanoyloxy-2β-(α-methyl) butanoyloxy-9β-benzoyloxy-4α,6α-dihydroxy-βdihydroagarofuran.
NW27 (2) was analyzed for C 35 H 46 O 13 by HR-ESI-MS. Its IR spectrum exhibited the characteristic ester absorption at 1741 cm -1 . The UV spectrum contained an aromatic moiety (λ max = 230 nm). The 1 H and 13 C NMR spectral data suggested the presence of four acetate esters, one α-methylbutanoate ester, and one benzoate ester. The 1 H and 13 C NMR data of the parent skeleton of 2 were very similar to those of the reported Celahin-D [14] , which suggested that compound 2 contained a 1,2,6,8,9,13hexasubstituted-β-dihydroagarofuran skeleton. Compound 2 was found to have the same stereochemistry for H-1, H-2, H-6, H-8 and H-9 as Celahin-D, because of the similar coupling patterns, coupling constants, and the cross peaks in the NOESY spectrum. The ester group distributions were determined by the cross peaks between H-1 and the carbonyl at δ 169.3, H-2 and the carbonyl at δ 170.0, H-6 and the carbonyl at δ 169.5, H-8 and the carbonyl at δ 175.3, H-9 and the carbonyl at δ 164.5, H-13 and the carbonyl at δ 170.6 in the HMBC spectrum of 2. Thus, the chemical structure of NW27 (2) was elucidated as 1β,2β,6α,13-tetraacetoxy-8β-(α-methyl)butanoyloxy-9α-benzoyloxyβ-dihydroagarofuran. NW31 (4) was analyzed for C 34 H 44 O 13 by HR-ESI-MS. Its IR spectrum exhibited the characteristic ester absorption at 1741 cm -1 . The UV spectrum contained an aromatic moiety (λ max = 230nm). The 1 H and 13 C NMR spectral data suggested the presence of four acetate esters, one benzoate ester, and one isobutanoate ester. The 1 H and 13 C NMR data of the parent skeleton of 4 were similar to those of 2, which suggested that compound 4 contained a 1,2,6,8,9,13hexasubstituted-β-dihydroagarofuran skeleton. Based on the COSY, HMQC spectra of 4, and the NMR data of 2 and other sesquiterpene esters [14] , the 1 H and 13 C NMR signals were assigned and 4 was found to have the same stereochemistry for H-1, H-2, H-6, H-8 and H-9 as 2 because of the similar coupling patterns, coupling constants, and the cross peaks in the NOESY spectrum. The ester group distributions were determined by the cross peaks between H-1 and the carbonyl at δ 169.2, H-2 and the carbonyl at δ 169.9, H-6 and the carbonyl at δ 169.5, H-8 and the carbonyl at δ 170.5, H-9 and the carbonyl at δ 164.5, and H-13 and the carbonyl at δ 175.7 in the HMBC spectrum of 4. Thus, the chemical structure of NW31 (4) was elucidated as 1β,2β,6α,8βtetra-acetoxy-9α-benzoyloxy-13-isobutanoyloxy-βdihydroagarofuran. NW30 (3) was the known compound 1β,2β,6α,13tetraacetoxy-8β-isobutanoyloxy-9α-furancarbonyloxy-4α-hydroxy-β-dihydroagarofuran, based on UV, IR, HR-ESI-MS, 1 H and 13 C NMR spectroscopic evidence [6] .
The insecticidal activities of compounds 1~4 against 4 th instar larvae of Mythimna separata were evaluated by the leaf disc method. The results showed that the KD 50 values for compounds 1-4 were 673.6, 1121.3, 1720.0 and 548.6 μg/g, respectively. It was very interesting that compound 3 exhibited much weaker activity than the other compounds. The stereochemistry of the ester groups at C-1, C-2, C-6, C-8 and C-9 are similar, and the difference between them are the substitution groups at C-8, C-9 and C-13, whereas the activity of 4 is more than three times that of 2. The substitution groups at C-13 of 2 and 3 are all acetate esters, and these two compounds exhibited much weaker insecticidal activity than the other compounds. This suggested that the acyl group at C-13 contributes much to the insecticidal activity. These data confirmed further that the type and stereochemistry of the ester groups at C-8, C-9 and C-13 have a characteristic influence on the insecticidal activity of β-dihydroagarofuran sesquiterpene polyol esters [6] [7] [8] .
In vitro antitumor activities of compounds 1~4 against human colon (HT-29), breast (Bcap-37) and lung (NCI-H460) cancer cell lines were evaluated by the SRB method [15] . The results showed that only compounds 1, 3 and celangulatin C exhibited slight cytotoxic activity against Bcap-37 (IC 50 > 50μM). Comparison of the structural characteristic of 1, 3, and celangulatin C with the other two compounds, showed that the protons at C-4 of the active compounds are all substituted by hydroxyl groups. These suggested that the hydroxyl group at C-4 is crucial to the antitumor activity of this type of compound. All the compounds showed no obvious antiproliferative activities against the other two cell lines. These results suggested cell type selectivity for the tested compounds. Insecticidal activity: Leaf discs of known area were treated with known amounts of the test samples dissolved in acetone (acetone and celangulin C were used as control). The 4 th instar larvae of M. separata were fed with the discs for 12 h (repeated 10 times for each sample). After 24 h, the numbers of knockeddown larvae (symptoms: the larvae were narcotized and could not move; the bodies were immobilized and very soft; and response disappeared completely) were recorded, and the toxicity was ascertained by estimating the median knock-down dose (KD 50 value) of the test sample [8] .
In vitro cytotoxicity: In vitro cytotoxicity was evaluated against human colon (HT-29), human breast (Bcap-37) and human lung (NCI-H460) cell lines, as described previously [15] . The test compounds were dissolved in DMSO (10 mg/mL) and diluted with cell culture medium to 6 required concentrations (100, 50, 25, 12.5, 6.25 and 3.12 μg/mL). The final concentration of DMSO was less than 1% of the total volume. At this concentration, DMSO was found to be nontoxic to the cells tested. The cells were exposed to drugs for 72 h. Cell growth was assayed using Sulforhodamine B (SRB). The optical density (OD) was read at 490 nm. All cytotoxicity tests were performed 3 times in quadruplicate. The IC 50 values were calculated from the curves constructed by plotting cell survival (%) versus compound concentration (μM). Vincristine sulfate was used as positive control. 13 
